ABSTRACT
Introduction
Intestinal adaptation is the name given to a series of events that occurs in the remnant gut after extensive resection of the small bowel. These alterations initially reported by Koeberle 1 have been extensively studied because the survival of these patients in dependent on that, mainly those one who lose more than 2/3 of the small bowel [2] [3] [4] [5] [6] . A resection greater than 70% of the length of the small bowel leads to serious disabsortive syndrome characterized by intratable diarrhea, severe malnutrition, loss of weight, anemia, gastric hypersecretion, crisis of tetany, and renal and biliar stones. Sometimes, there may be even behavioural and psychotic manifestations 7 . This clinical picture is called short bowel syndrome (SBS) . With the recent knowledge of the intestinal physiopathology and the progresses of the nutritional support, it has been possible to improve and to prolong the lives of these patients enhancing the understanding of the adaptative processes that happen in the intestinal mucosa, mainly, with the specific mucosal nutrients [8] [9] [10] . Various luminal factors enhance the adaptative process of the intestines. It seems that not absorbed nutrients are not so effective as the absorbed ones 8 . Among the lipids, the long and the short chains triglycerides are considered trophics to the enterocytes, while the median chains are not. Proteins are also important and some aminoacids and oligopeptides are considered powerful stimulants 9 . As for carbohydrates it is known that bacterial fermentation of both fibers and sugars produces short-chain fatty acids that are trophic for the intestinal mucosa, mainly at the colon 10 . There are evidences that glutamine (GL) is the principal fuel for enterocytes [11] [12] [13] . Curiously, some experimental works 14, 15 using diets rich in GL have not achieved good results in experimental SBS. However, the combined use of GL and GH may induce important trophic effects on the intestinal mucosa. Byrne et al. 16 reported an improved absorption of nutrients, gain of weight, and better life conditions with a high-carbohydrate, low-fat diet, combined with high doses of GH and GL in most of their patients that were depending on total parenteral nutrition. Waitzberg et al. 17 observed an enhanced intestinal adaptation with glutamine and GH in rats submitted to 95% resection of the small bowel. The combined use of GL and GH, or even only GH increases IGF-1 in animal model of SBS 18, 19 . Several other studies have shown that a synergistic action between GL and GH may occur in the process of intestinal adaptation [16] [17] [18] [19] . Several questions however have not been answered until now on this issue. Thus, further studies are necessary to decide for instances, when would be the proper time to begin, or for how long, or even which would be the correct dosages of both substances [20] [21] [22] [23] . Furthermore, most of the studies have evaluated the intestinal adaptation process only on one time point. It would be interesting to observe the process evolution in two phases, such as in the first and second weeks.
The aim of this experiment was to investigate the effects of the combined use of oral glutamine and growth hormone in the intestinal adaptation on the 5 th and the 14 th days after massive enterectomy in rats.
Methods

Animals, groups and diets
Twenty-four Wistar rats (252±7.4g) entered the experiment and were housed for three days in individual metabolic cages in the laboratory, to be adapted to the diet in a controlled environment. In this phase, all rats received AIN-93 diet (American Institute of Nutrition) and water ad libitum. The animals were then submitted to 80% mid-bowel resection and after that randomized to two groups to receive postoperatively either the same diet (control group -CG; n=12) or an isocaloric (approximately 345 kcal/100g) and isonitrogenous (2.24 gN/day) diet containing 4% Lglutamine (Rhoster Lab., São Paulo, Brazil) (GL-GH group; n=12). This latter group received subcutaneously daily injections doses of 0.6 UI of recombinant growth hormone (Hormotrop, Laboratório Bergamo; Brazil) since the operation day. All animals that died were substituted by similar others.
Surgical technique
Under inhalatory anesthesia with ethilic ether, all the rats were submitted to 80% resection of the mid-small bowel, leaving 10% of both the proximal jejunum and the distal ileum. The bowel extremities were end-to-end anastomosed with 7-8 stitches of 6.0 polygalactin interrupted sutures. The abdominal cavity was closed in two layers with 4.0 nylon. All the rats received subcutaneous injections containing 10 ml of saline solution for the next 3 days.
Histomorphometric evaluation
Full-thickness biopsies of two cm each from both extremities of the specimen, corresponding to the jejunum and the ileum, were collected, fixed on poster paper with pins and immediately placed in 10% formalin. In each specimen, five slides stained with hematoxylin-eosin were examined by two observers blinded to the study design. The mean value of the five best-oriented glands was considered to represent the data from each specimen. Wall width (WW), villus height (VH), and crypt depth (CD) were measured using a micrometer rule as published elsewhere 24 .
DNA content assay
The rest of the specimen corresponding to the jejunum and ileum (approximately 15 cm each) was opened longitudinally through the anti-mesenteric border and the mucosal layer was stripped out using a glass slide. This material was weighed and wrapped in aluminum foil and kept in a refrigerator (-20 o C) until the moment of the DNA assay using the Giles and Myers technique 25 .
Weight evolution
Animals were weighed on five dates during the experiment as follows: day -3: adaptation period; day 0: enterectomy day; day 5: end of experiment for half of the rats; day 10; and, day 14: end of experiment for the other 50% rats. Animals were killed on the 5 th and the 14 th days. During the necropsy the same procedure was repeated to collect material of the remnant small bowel for mucosal weight, histomorphometry and DNA content assay.
Statistical analysis
The data analysis was performed using Anova for repeated measures. Data were expressed as mean and 95% CI. Boxplots for continuous variables show the median, interquartil interval and variation. A significant level of 5% (p<0.05) was established.
Results
Weight evolution
It was observed that until the 5 th day all the animals lost weight similarly (p<0.01). After that, the weight stabilized identically for both groups (p>0.05) (Figure 1 ).
Mucosal weight
The findings of the mucosal weight can be seen in Table 1 and Figure 2 . Within-subjects comparisons showed that there were not any statistical differences in the mucosal weight associated to groups and data. However, ileal mucosal weight decreased from basal to final results when compared to jejunal mucosa (p= 0.02). All other comparisons were not significant. Between-groups comparisons showed that there was no difference between the two groups (CG = 0. 
Histomorphometry
Villus height
There was an increase in villus height over time in all groups (p<0.001), except at the jejunum on the 5 th PO day, where it significantly decreased from initial to final results (p=0.01) (Figure 3 and Table 1 Figure 5 and Table 1 ). 
DNA content
The DNA content increased from the initial to the final results (p <0.001) in both groups. This increase in DNA content occurred similarly at the 5 th and 14 th PO day (p=0.29) though greater in the ileum than in the jejunum (p< 0.01). However, animals of GL-GH group showed higher increase from the 5 th to the 14 th PO day than controls (p=0.01). All other within-subjects comparisons were not significant ( Figure 6 and Table 1 ).
The between-subjects comparisons showed that GL-GH rats had higher DNA content in both examined regions when compared to controls ; p=0.01). There was no difference in time points though an interaction has occurred showing that the DNA content at the 14 th PO day was higher than the 5 th PO day only in GL-GH group (p=0.01). These findings can be seen in Figure 6 and Table 1 .
Discussion
Our results showed that the combined use of oral glutamine and the growth hormone has benefited the intestinal adaptation process after massive small bowel resection. A significant gain in the gut mucosa cellularity ocurred, mainly expressed by the increased content of the DNA in the remnant intestines of the rats treated with GL-GH. This finding possibly reflects the synergistic action of an energetic substrate for the epithelium and a trophic hormone for the intestinal wall. In fact, other experiments have already demonstrated an enhanced intestinal adaptation with this association [17] [18] [19] . A significant increase in cellularity between the 5 th and the 14 th days was verified only in GL-GH group, suggesting that this process was still taking place after two weeks when the studied association was used. The higher augment of DNA in distal portions of the gut confirms the important adaptation of the ileum after massive resection of the small bowel [5] [6] . Interesting histomorphometrics changes were observed along the experiment. While ileal adaptation was intense and active in both groups on the 5 th PO day, it was almost not noticed at the jejunum (Figures 3-5) . However, contrasting with the mucosal DNA content findings, the WW and CD were greater in controls than in treated animals, especially at the ileum. This was difficult to understand or interpret, and it was not described in the literature whatsoever. However, these measurements (an average of 5 slides/per specimen) are subjective and localized, and thus, errors may possible exist. In fact, criticisms for the use of histological parameters are exactly due to subjectivism of the method. On the other hand, DNA content assay is potentially less correlated to biases, is not subjective, and therefore most confident. Between histology and DNA assay we assume that the latter should be most reliable.
Normal intestinal function also depends on the unique capacity of the terminal ileum to absorb vitamin B12 and bile salts. The distal 100 cm of the ileum is the only region of the small bowel where vitamin B12-intrinsic factor complex is absorbed 26 . Thus, the adaptation of the distal small bowel is crucial. Our findings showed that the DNA content of the ileal mucosa increased higher than at the jejunum and this effect was most intense in GL-GH group. Contrasting with these results, it was interesting to notice that the histological findings both in control group and in the jejunum presented greater values than in GL-GH group and in the ileum. This suggests that the increased values of wall width and crypt depth may not necessarily means an increased number of cells and could be related to oedema.
Experimental and clinical studies have demonstrated the possible benefits with the use of this association in the treatment of intestinal insufficiency, after extensive resection of the small bowel [13] [14] [15] [16] [17] [18] [19] [20] . Iglesias and Zucoloto 27 had indicated that the adaptative intestinal reactions initiate in the first few days after enterectomy. In this experiment, it was observed that the adaptative process on the 5 th day, expressed by the DNA content, was almost complete in the control group though still on progress in the GL-GH group until the 14 th day, possibly due to a continuous trophic action of the treatment. An important finding of this experiment was that it is possible to have an enhanced adaptation with the use of oral glutamine. It was demonstrated before that the oral glutamine was not efficient when used alone. Therefore, the addition of the GH contributed and was more important than the association with short chain fatty acids for this process 28 . Considering that GH increases the absorption of aminoacids from 20% to 70%, mainly glutamine and leucine, the association of these two trophic factors seems to be very attractive 11 . Our experiment showed that the adaptative process especially at the ileum begins almost immediately after the enterectomy and is already expressive on the 5 th post-operative day. At the jejunum however, the process seems to be much slower. This finding suggests that glutamine should be used in this phase, probably associated with a trophic hormone as GH. In this experiment, a large dose of GH (0,6 UI/day or 0,2 g/day in rats with ± 250 g) was used, based on the literature 18, 19 . However, smaller doses for a longer period of time are also associated with enhanced adaptation 20 . In summary, the findings of this experiment showed that gut adaptation after massive resection could be improved with the combined use of glutamine and GH. Furthermore, the treatment with GL-GH has assured a continuous adaptation in a faster rhythm during all the experiment. Another important issue aroused is that the early use of oral glutamine and GH could be of great utility in this phase of high energetic consumption and great trophism. Although caution is always necessary to extrapolate findings of an animal experiment to the clinical setting we conclude that the early combined use of oral glutamine and growth hormone improves intestinal adaptation after massive small bowel resection.
